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CROSS-SENSITIVITY BETWEEN NICKEL AND COPPER
Wrru REMARKs ON CRoss-SENsITIvrrY BETWEEN NICKEL, COBALT
AND CHROMATES*
STEPHAN EPSTEIN, M.D.
Cross-sensitivity between nickel and copper, as far as I know, has not been
reported so far. It appears that such cross-sensitivity has not been studied syste-
matically. There are occasional reports in which copper tests were carried out
in nickel sensitive patients. Schitteuheim and Stockinger (1) performed patch
tests with copper in some of their cases, and found sensitivity to copper in only
one of the nickel sensitive patients. In 3 of Steiner's (2) cases, who were tested
with nickel and copper, 2 reacted to both metals, and one to copper only. Cormia
and Stewart (3) did tests with copper on a few of their nickel sensitive patients
with negative results. However, in most studies (Goldman (4), Pirilä (5), Everall
et al (6)), tests with copper are not mentioned.
MATERIAL AND METHODS
Over the past 15 years I have tested most metal sensitive patients with both
nickel and copper and found many instances of combined sensitivity. This re-
port deals with 32 cases of metal sensitivity which were due to contacts with
metaffic objects, such as watches, watch bands, bows of spectacle frames, and
garters. All of these patients were tested with patch and/or intradermal tests
with nickel sulfate and copper sulfate. For patch tests, a 10% solution was used;
for intradermal tests 0.02 to 0.05 cc. of a sterile 1:40,000 or 1:10,000 solution.
The results of the tests are shown in table 1. Of the 32 persons tested, 12 reacted
to copper and nickel, 18 to nickel only, and 2 to copper only.
The question as to whether the combined sensitivity is coincidental and due
to the fact that many nickel-containing alloys also contain copper, or whether
this represents an instance of true cross-sensitivity cannot be decided by observa-
tions made on nickel sensitive persons. Only experimental sensitization with pure
chemicals, as done by Haxthausen (7) with cobalt and nickel, would permit a
definite conclusion.
Yet there are reasons to consider the simultaneous reactions to nickel and
copper as examples of true cross-sensitivity. One is the frequency of the occur-
rence of these crossed reactions. Forty per cent of the nickel sensitive patients
also reacted to copper. This is a high percentage, especially when we consider
the low incidence of sensitivity to copper. The latter is known to be a poor sensi-
tizer. Schittenhelm and Stockinger (1), who studied employees of a metal plating
factory, reported that only persons working with solutions containing nickel
developed eczemas; whereas workers engaged in copper plating did not become
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TABLE 1
Cross-sensitivity between nickel and copper
Number of Metal-Sensitive
Patients Tested I
Positive ReaCt 100 to Patch and/or Intraderma I Tests with
Nickel only Nickel and copper Copper only
32 18 12 2
TABLE 2
Position of nickel, cobalt, iron, copper and related metal8 in the periodic system of the elements
Group i ir III IV VI vu viii
(Cu)
((29))
Cr
(24)
Mn
(25)
Fe
(26)
Co
(27)
Ni
(28)
Cu
(29)
Ag
(47)
Au
(79)
The atomic number8 are given in parenthesis. Iron, cobalt, and nickel form the so-
called first transitional group of elements. Divalent copper belongs to the same group, as
indicated in the graph, and not to Group I, which contains monovalent copper (Cu+).
The table indicates the place where divalent copper (Cu) belongs.
sensitized. My studies (8) show that among 32 metal sensitive persons, only two
were sensitive to copper alone (see table 1).
Another reason to assume a true cross-sensitivity between nickel and copper
is their chemical relationship. Although nickel and copper belong to different
chemical groups of the periodic system*, there actually is a close relationship
between these two elements. It is well known that copper and nickel form very
* According to the periodic system of the elements, there does not seem to exist any
connection between copper and nickel (see table 2). Copper belongs to group I, to the
"noble" elements, like silver and gold. These elements form one of the so-called "vertical"
groups, of the periodic system. Vertical groups are composed of elements which have the
same number of outer electrons (valences), but different numbers of inner electron shells.
Elements of vertical groups differ much in their atomic weight. Their atomic numbers are
far apart:29 for copper, 47 for silver, and 79 for gold.
Iron, cobalt and nickel belong to group VIII of the periodic system of elements. How-
ever, this is a different sort of group, one of the "horizontal" groups (see table 2). In these
groups the elements again have the same number of outer electrons; but—in contrast to
members of "vertical" groups—they have also the same number of inner electron shells;
however, their "inner shells" are not complete. Nickel lacks 2 electrons in its third inner
shell, cobalt 3, and iron 4. These elements are called "transitional" elements, and follow
each other directly in the periodic system; their atomic numbers are 26 (iron), 27 (cobalt)
and 28 (nickel).
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similar compounds. Modern chemistry has given us the explanation. It is only
monovalent copper (Cu+) which belongs to the "noble" elements of group I
(table 2). But most copper compounds, such as copper sulfate, contain divalent
copper (Cu++). Divalent copper differs from the monovalent form in that it does
not have "complete inner shells" of electrons, but one electron is removed from
the last inner shell, and transferred to the outer shell*. Thus divalent copper also
has an incomplete inner shell and two outer electrons (valences). This places
divalent copper into the same "transitional" group as nickel and right next to
it, as seen in the table 2. Therefore divalent copper is chemically as close to
nickel as is cobalt.
Another point which favors the assumption of true cross-sensitivity between
nickel and copper, rather than coincidental sensitization, is that cross-sensitivity
between two other related chemicals, namely nickel and cobalt, has been proven
by Haxthausen's (7) experiments. He sensitized persons with chemically pure
nickel and cobalt compounds respectively, and found that some of the test persons
who became sensitive to nickel also reacted to cobalt, and vice versa.
CROSS-SENSITIVITY BETWEEN NICKEL AND COBALT
Cross-sensitivity between nickel and cobalt fand vice versa, has been recog-
nized since Stewart's (12) and Cormia and Stewart's (3) reports, and proved by
Haxthausen (7). Table 3 and 4 show the cross reactions reported in the liter-
ature; I have tried to distinguish between those cases that apparently were
sensitized by nickel (Table 3), and those in which cobalt was the sensitizer.
My experiences are in agreement with the findings of others (see bottom column
of table 3 and 4).
SENSITIVITY TO NICKEL AND CREOMATES
Simultaneous sensitivity to chromium and nickel, was found in only 3 of the
31 nickel sensitive cases. Of 18 chromate sensitive cases, none reacted to nickel
or copper. Hilt (17) never found nickel sensitivity in chromate sensitive cement
workers, and like Pirilä and Kilpio (18) he observed only one instance of common
sensitivity to chromium and nickel.
In another study, among 140 chromate sensitive persons, Pirilä (19) found only
* Emeléus and Anderson (9) explain the transition from monovalent to divalent copper
as follows: "In the transition metals, the variability of valency arises from the existence
of alternative electronic configurations which differ very little in energy". With copper, the
"promotion and ionization of a second electron, leaving the cupric ion (Cu) involves only
a few kilocalories more energy than does the formation of Ni."
f Cross-sensitivity between metals apparently acts on the atomic level. The mechanism
of the cross-sensitivity between different elements is not understood; but it is known that
sensitivity to metals may depend on the valency state (chromates, arsenicals). This type
of cross-sensitivity is different from that which works on the molecular level and is due to
specific molecular groups or configurations. The best studied examples of that type of cross-
sensitivity of so-called simple chemicals, probably are those to "compounds of quinone
structure", to anesthetics and to the "para" group. This form of cross-sensitivity recently
has been reviewed in detail by Baer (10) and by Mayer (11).
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TABLE 3
Cross-sen,sitivity between nickel and cobalt
Author No. of Cases
Sensitive to
Ni+Co Nionly Coonly
Stewart (1933) (12)
Goldman (1933) (4)
Cormia and Stewart (1935) (3)
Haxthausen* (1936) (7)
Rabeau and Ukrainczyk (1938) (13)..
Bonnevie (1939) (14)
Deissler and Sheets (1942) (15)
Rostenberg and Perkins (1951) (16). .
Pirilat (1953) (5)
Everall, Truter and Truter (1954) (6)..
Epstein (1955) (8)
1
2
4
3
4
14
1
1
24
37
11
1
—
3
1
—
12
1
1
19
23
5
—
2
1
2
4
2
—
—
5
14
6
—
—
—
—
—
—
—
—
—
—
—
Total 102 66 36 —
Percentage 65% 35% —
* Persons sensitized experimentally to pure nickel sulfate.
f Persons sensitized by metal work or contact with garters.
TABLE 4
Cr088 -sen8itivity between cobalt and nickel
Author No. of Cases
Sensitive to
Co + Ni Co only Ni only
Haxthausen* (1936) (7)
Bonnevie (1939) (14)
Pirilä** (1953) (5)
4
2
18
3
—
9
1
2
9
—
—
—
Total 24 12 12 —
Percentage 50% 50% —
* Persons sensitized experimentally to pure cobalt sulfate.
* Patients sensitized by cobalt containing contacts (clay, paint).
2 instances of simultaneous sensitivity to cobalt, and none to nickel. These re-
ports support Rostenberg and Perkin's (16) belief that there is no true cross-
sensitivity between nickel and chromate.
However, there are observations to the contrary. Meneghirii (20) reported
that of 34 chromate sensitive cement workers, 25 also gave positive epidermal
tests to cobalt sulfate, although to a different degree. Everall, Truter and Truter
(6) report that 58 per cent of nickel sensitive persons were also sensitive to
chromium. However, of a group of 8 patients reacting to cobaltic trisethylene
diamine chloride, none reacted to chromium trisethylene diamine chloride.
At this time one cannot explain the different results of Everall and his co-
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workers. Perhaps part of the answer may be found in the fact that Everall and
his group used a very strong concentration of potassium dichromate for their
patch tests; whereas usually only 0.5 to 1.0 per cent dilutions are employed,
Everall and his coworkers tested with a 2.6 per cent solution. This is very close
to the primary irritating concentration, which according to Frei, Halle and Mayer
(21) lies between 3 per cent and 6 per cent. Furthermore, Everall and his co-
workers used different criteria for positive tests; these authors considered "faint
erythema" as equivocal reactions, and recorded simple erythema as 1+ positive.
I have not considered minor transient erythemas, present for only 24 to 48 hours,
as positive reactions. Pirilä and I may have overlooked minor specific positive
reactions, whereas Everall et al and Meneghini may have included in their figures
nonspecific, toxic reactions. However, it is strange that neither Hilt nor Pirilä
nor I noticed reactions to nickel in chromate sensitive persons. Another factor
which may help to explain the great discrepancy, is that Everall and his co-
workers tested with numerous nickel, cobalt and chromium compounds, whereas,
in most instances Pirilä, as well as I, used only one salt of each of these chemicals.
Further studies are required to solve the problem. However, from a chemical
point of view, it is difficult to link chrome with nickel, because apparently oniy
the hexavalent chromates (Walsh (22)) are sensitizing, whereas nickel sensitivity
is due to the divalent compound.
SUMMARY
Cross-sensitivity between nickel and copper is reported in a significant number
of cases. Reasons are given why this simultaneous sensitivity is considered an
expression of true cross-sensitivity rather than a coincidental occurrence.
The studies also confirm previous reports of cross-sensitivity between nickel
and cobalt.
No cross-sensitivity was found between nickel and chromates.
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